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Abstract 
On the base of developed model for electrokinetic sample motion was conducted numerical experiment for separation 
of albumin bounded bilirubin along sample zone in buffer solution through straight separation channel made of 
polymethylmethacrylate within microfluidic chip under different pH of buffer solution, voltage applied to channels 
ends, channel length. On the basis of the simulations by finite-difference method the effects of the channel size, the 
chip material, the applied voltage difference and pH on separation rate are discussed.  
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1. Introduction 
Large research efforts are currently devoted to designing on-chip capillary electrophoresis (CE) 
applications. The advantages of microfabricated СE devices (co-called microfluidic chips (MFC)) include 
very small amounts of sample required and 10 to 100 times faster than electrophoresis separation in 
standard CE system [1]. Ultimate goal in the separation procedure is good resolution of sample 
components [2]. For a separation system with three or more types of analytes, an overall separation 
resolution can be defined as the resolution achieved for the two analytes which are the most difficult to 
separate (small mobility difference and/or large diffusion coefficients) [3]. Development and fabrication 
of microfuidic devices require as the first stage the theoretical investigation of separation process for 
definition of system geometry and the interplay of many effects that influence band broadening. On 
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another hand, free bilirubin determination with the help of MFC is very important from the point of view 
of clinical assays. Thus, the goal of this study is investigation of separation process of albumin bounded 
bilirubin dependence on such parameters as length of separation channel, applied voltage, material of 
channel for their optimization necessary for the best separation that can be achieved. For these purpose the 
numerical simulations of the bilirubin and albumine separationin based on previously developed 
mathematical model [4] of electrokinetic sample motion [4] was conducted at different conditions. The 
model is implemented using finite difference method using apparatus of matrix computation in Matlab 
package. 
 
Nomenclature 
D – molecular diffusion coefficient of substance in buffer solution 
x  axial coordinate 
L  capillary length between sample injection and detector 
t  migration time 
 
In order to find optimal working parameters of sensor, working zone structure and operation mode 
the one-dimensional model of electrokinetic sample motion that migrate in straight separation channel of 
MFC was developed. The model given below is based on convective diffusion equation with additional 
accounting for electrokinetic component of velocity [4]: 
 
x
cu
x
cD
t
c
2
2
w
ww
w w
w
,                                                                 (3) 
 
where с = c (х, t) – concentration of analyte components;  
D – molecular diffusion coefficient of substance in buffer solution, (cm2.s-1); 
x – axial coordinate, (сm); 
L – capillary length between sample injection and detector, (cm); 
t – migration time, (s). 
 
It is significant that the magnitude of diffusion describes the process of separated band broadening, 
and electrokinetic’s component in Eq. (7) displays velocity of substance motion in the buffer solution 
under action of the voltage applied to the channel ends.  
The given conditions do not contradict the main base principles of mathematical modelling in 
microfluidics - hypotheses of the continuous medium and laminar flow. 
The model is implemented using finite difference method with apparatus of matrix computation in 
Matlab package. Procedure of equation discretization (using explicit scheme of “running computation”).  
2. Result and Discussion 
Since figs. 1-3 give results of separations (electrophoregramms) of bilirubin/albumin complex . 
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Fig. 1. Results of computer simulation: (a) рН = 4, U = 2kV, L = 2 cm; (b) рН = 4, U = 2 kV, L = 5 cm 
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Fig. 2. Results of computer simulation: (a) рН = 7, U = 1 kV, L = 2 cm; (b) рН = 7, U = 1 kV, L = 5 cm 
  
а       б 
Fig. 3. Results of computer: (a) рН = 7, U = 2 kV, L = 2 cm; (b) рН = 7, U = 2 kV, L = 5 cm 
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Analysis of electrophoregramms (Figs.1 - 3) for the same value of separation channel length L and pH 
of buffer solution shows influence of applied voltage U on the separation time (t): 
 
x рН = 4, U = 1 kV, L = 2 cm t = 7 s (fig. 1 a and fig. 1 b); 
x рН = 4, U = 1 kV, L = 5 cm t = 40 s (fig. 1a and fig. 1 b); 
x рН = 7, U = 1 kV, L = 2 cm t = 8 s (fig. 2 a and fig. 2 b); 
x рН = 7, U = 1 kV, L = 5 cm t = 50 s (fig. 2a and fig. 2 b); 
x рН = 11, U = 1 kV, L = 2 cm t = 8 s (fig. 3a and fig. 3 b); 
x рН = 11, U = 1 kV, L = 5 cm t = 50 s (fig. 3 a and fig. 3 b). 
 
It should be noted that for the length of separation channel of MFC equal to 5 cm the resolution of 
peaks is the best. 
Thus, on the base of computer simulation results for separation of sample with albumin bounded 
bilirubin (Figs. 1-3) and considering the fact that working zone is determined by functions that it should 
implement in MCF format in the framework of technology development for channels-microstructures 
fabrication we have chosen working zone structure “simple cross” that provides stages of dosing, 
capillary electrophoresis and  detection. We have also calculated length of separation channel 2 cm that is 
sufficient for high-performance and selective bilirubin detection.  
Conclusion 
Numerical calculation can predict the operational success of miniaturized chemical separation, 
reaction and detection of microfluidic devices before they are fabricated. One-dimensional model of 
electrokinetic sample motion was developed to simulate the separation process of sample with bilirubine 
and albumine that migrate in buffer solution through straight separation channel made of PMMA within 
MFC under different conditions. On the basis of the simulations by finite-difference method the effects of 
the channel size, the chip material, the applied voltage difference and pH on separation rate are discussed. 
It was found that for the channel size equal to 2 cm the resolution of peaks is the best and the fastest time 
of bilirubine/albumine complex separation is 4s. Developed model can be used not only for 
bilirubine/albumine complex separation in MFC but also for probes with other analytes. Numerical 
calculations facilitate prediction of separation efficiency and flow rate that are very important procedures 
for MFC design for high speed assay protocol. 
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